Of the 44 isolates of type III from invasive episodes, 24 were cultured from blood, 18 were recovered from cerebrospinal fluid (CSF), and 1 each was grown from joint fluid and pulmonary secretions collected by tracheal aspiration. The 19 isolates from asymptomatic neonates were collected from the umbilicus (16 isolates), rectum (2 isolates), and throat (1 isolate). The sample also included isolates of types I (n = 8), lb (n = 16), Ic (n = 14), Ic/Il (n = 6), and II (n = 11) collected during disease episodes in 15 states, primarily from blood or cerebrospinal fluid. In addition, nine isolates from cases of bovine mastitis in France were examined: types Ia (n = 2), lb (n = 2), Ic (n = 4), and II (n = 1).
Streptococcus agalactiae (group B Streptococcus) is the most common cause of invasive disease in neonates in the United States (1, 2) and a major etiological agent of economically important bovine mastitis in this country and elsewhere (3) . Human infections by this Gram-positive bacterium account for approximately 11 ,000 cases of meningitis and septicemia each year in the United States and result in considerable morbidity and mortality (2, 4) .
Group B organisms are differentiated from other members of the genus Streptococcus by Lancefield serological typing (5) or other methods of identifying group-specific antigens. They are subclassified into four main serotypes, designated as Ia, Ib, II, and III, on the basis ofcell-wall polysaccharides, and two additional serotypes (Ic and Ic/II) are differentiated by a combination of surface carbohydrate and protein antigen typing (6) (7) (8) . Although organisms of each of the six serotypes have been recovered from infants with serious infections, strains producing the type III antigen cause more than two-thirds of all neonatal disease (1, 2) . It has been suggested that type III strains have high virulence potential and, perhaps, a meningeal or central nervous system tropism (9) .
Except for limited data on plasmid content and structure (10) , no information has been available concerning the nature and extent of genetic variation in natural populations of S. agalactiae or the genetic relationships of type III isolates recovered from various anatomic sites and from patients with various disease syndromes. Consequently, studies of virulence, the distribution of putative virulence factors, and epidemiology have been conducted almost entirely within a framework based on the serotyping of cell-surface antigens.
It has recently been demonstrated that virulence potential in many pathogenic bacterial species is nonrandomly distributed along phylogenetic lines (11, 12) . The present study was conducted to estimate chromosomal genetic diversity and relationships among isolates oftype III S. agalactiae as a first step toward identifying representative chromosomal genotypes for molecular and ecological studies of neonatal and maternal pathogenesis. We 18 were recovered from cerebrospinal fluid (CSF), and 1 each was grown from joint fluid and pulmonary secretions collected by tracheal aspiration. The 19 isolates from asymptomatic neonates were collected from the umbilicus (16 isolates), rectum (2 isolates), and throat (1 isolate). The sample also included isolates of types I (n = 8), lb (n = 16), Ic (n = 14), Ic/Il (n = 6), and II (n = 11) collected during disease episodes in 15 states, primarily from blood or cerebrospinal fluid. In addition, nine isolates from cases of bovine mastitis in France were examined: types Ia (n = 2), lb (n = 2), Ic (n = 4), and II (n = 1).
The actual frequencies of recovery of the various serotypes from invasive episodes are not accurately reflected by the numbers of isolates in the collection studied. Non-type-Ill isolates were greatly overrepresented among the invasive isolates, strictly for purposes of genetic comparison. The human isolates were obtained from collections previously characterized for neuraminidase production and other phenotypes (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . No non-type-Ill carrier isolates were analyzed.
Many of the type III isolates obtained from humans were coded by S.J.M. for blind analysis in the laboratory ofR.K.S.
Abbreviation: ET, electrophoretic type.
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Electrophoresis of Enzymes. Isolates were grown overnight in 200 ml of brain/heart infusion broth (Difco) at 370C and harvested by centrifugation at 6000 X g for 10 min at 40C. After suspension in 1. (23) . Genetic distance between pairs of ETs was expressed as the proportion of enzyme loci at which different alleles were represented (mismatches), and clustering of ETs was performed from a matrix of genetic distances by the average linkage method (23) .
RESULTS
Genetic and Genotypic Diversity in Relation to Serotype. In the collection of 128 isolates of S. agalactiae examined, 10 of the 11 enzyme loci assayed were polymorphic for alleles encoding electrophoretically distinguishable variant polypeptides, and one locus (phosphoglucose isomerase) was monomorphic (Table 1) . A total of 19 distinctive multilocus genotypes (ETs) was identified, among which mean genetic diversity per locus (H) was 0.304 (Table 1) . Seven ETs were Relationships Among Multilocus Genotypes. The dendrogram in Fig. 1 (X2(1) = 133.9; P < 0.001).
All of the non-type-III invasive strains recovered from human sources were of ETs in primary division II, and most of them (73%) were assigned to ET 6, ET 8, and ET 10 in cluster B. ETs 16 through 19 were represented only by isolates recovered from cases of bovine mastitis, and ETs 11 and 12 included isolates from both human and bovine sources (Fig. 1 (25) . Additionally, Olyhoek et al. (26) found that the major clonal lineages of serotype A Neisseria meningitidis could be identified by analysis of electrophoretically demonstrable allelic variation at only 6 loci. Therefore, we have reason to believe that the 11 enzyme loci assayed in this study provide a reasonable basis for estimating both genetic diversity in populations and overall genetic relationships among strains.
Examination of allelic variation at more enzyme loci undoubtedly will add more "twigs" to the dendrogram in Fig.  1 (Fig. 1) .
Nine of the 12 ETs with multiple isolates were each represented by two or three different antigenic types, a situation similar to that in E. coli (29, 30) (27, 28, (33) (34) (35) . Under clonal population structure, episodes of periodic selection and stochastic extinction generate nonrandom associations of genetically determined characters in addition to any associations that may be maintained by epistatic selection (11) . Consequently, analyses ofadequate sets ofdifferent types of polymorphic characters may be expected to yield generally similar patterns of inferred genetic relationships among strains, particularly when the genetic determinants are chromosomal (versus plasmid) in location.
The discovery that unusually virulent isolates of S. agalactiae belong to one type III clone suggests that genes mediating pathogenesis are in linkage disequilibrium (nonrandom association) with genes of the multilocus enzyme genotype.
Three lines of evidence support this hypothesis.
First, seven of the strains we studied were examined previously for release of type III antigen from the cell surface, a phenotypic trait apparently associated with increased virulence (17, 20) . All three of these previously studied isolates that we assigned to ET 1 released higher levels of high molecular weight type III antigen than did the four other isolates, which were of ETs in primary division II. Second (Table 3) . Hence, we attribute the differences reported earlier for invasive versus carrier isolates to inadequate sample size; they clearly do not reflect a consistent phenotypic separation of strains from disease and carriage sources. Third, the level and composition of extracellular products expressed by strains assigned to the two primary divisions differ. The extracellular production of neuraminidase (sialidase) and proteases has been studied by a number of investigators because these enzymes may be virulence factors (13) (14) (15) (16) 36 (2, 39) .
A corollary ofthe hypothesis of recent origin of ET 1 is that the clonal composition of populations will vary geographically, because the spread of a new clone over wide distances cannot occur instantaneously. Thus, it is of interest that there is considerable regional and continental variation in the incidence of neonatal disease caused by this pathogen (40) .
Concluding Comments. This study adds to a growing body of information demonstrating that knowledge of subspecific structure and evolutionary relationships provides important insights relating to bacterial pathogenesis. The extensive genetic diversity among type III isolates of S. agalactiae has important implications for studies of the basic biology and epidemiology of this pathogen. Moreover, the discovery that isolates of a single clone account for much of the morbidity and mortality caused by type III organisms should stimulate further comparative physiological and genetic studies employing the evolutionary genetic framework constructed by our analysis.
